DISPLAY CONTROL APPARATUS AND DISPLAY CONTROL METHOD 

BACKGROUND OF THE INVENTION 

This invention relates to a display control 
apparatus and a display control method, and more 
particularly to a display control apparatus and a display 
control method by which, when digital gradation display 
is performed, appearances of a moving picture pseudo 
contour can be reduced simply. 

Conventional image display apparatus commonly adopt 
an analog gradation display system of displaying each 
pixel in an analog gradation. In recent years, however, 
also an image display apparatus which adopts a digital 
gradation display system based on PWM (Pulse Width 
Modulation) has been realized. 

Image display apparatus which adopt the digital 
gradation display system include, for example, a PDP 

(Plasma Display Panel) , a display unit which uses a light 
valve which is a display element for switching 

(transmitting/intercepting) light from a light source 
on/off, and so forth. As the light valve, for example, a 
liquid crystal panel which uses FLC (Ferroelectric Liquid 
Crystal) , a DMD (Digital Micromirror Device (DMD is a 
trademark of TEXAS INSTRUMENTS) and so forth are used. 



In a display apparatus which uses a light valve, 
light emitted from a light source of a fixed luminance 
(intensity) such as, for example, a metal halide lamp, a 
xenon lamp or a high pressure mercury vapor lamp is 
irradiated upon the light valve while the times within 
which pixels of the light valve are switched on/off are 
controlled to realize digital gradation display. In 
particular, a pixel for which the time within which the 
light valve is on is long (a pixel for which the time 
within which the light valve is off is short) is bright, 
but on the contrary a pixel for which the time within 
which the light valve is on is short (a pixel for which 
the time within which the light valve is off is long) is 
dark. A digital gradation display is realized thereby. 

As a method of realizing a digital gradation 
display, for example, a plane sequential rewriting method 
is available. 

In a digital gradation display by the plane 
sequential rewriting method, as shown in FIG. 1, digital 
values representative of pixel values of pixels which 
form an image of one frame (or one field) are sliced for 
individual bits so that they are converted into bit 
planes, and are stored for the individual bit planes into 
a memory. In FIG. 1, eight bits are allocated to each 



pixel value, and eight bit planes are obtained. In the 
following description, unless otherwise specified, eight 
bits are allocated to each pixel value, and the lowest 
order bit (least significant bit) of such a pixel value 
is represented by BO, the second bit from the lowest 
order bit by Bl, and the highest order bit (most 
significant bit) by B7 . The bit plane of the bit B#i (i = 
0, 1, 7) is represented as bit plane B#i . 

After the bit planes are stored into the memory, 
the pixel at each position is switched on or off time- 
divisionally for times corresponding to weights of the 
bit planes in response to the bits of the bit planes at 
the position. 

For example, if the weight of the bit plane BO is 1, 
then the weight of the bit plane B2 is 2, and the weight 
of the bit plane B3 is 4. Similarly, the weight of the 
bit plane B#i is 2 i_1 . Accordingly, a pixel at a certain 
position is controlled to on or off for a time T in 
accordance with the bit of the bit plane BO, and then 
controlled to on or off for another time 2T in accordance 
with the bit of the bit plane Bl . Further, similarly the 
pixel is successively controlled to on or off for a time 
4T in accordance with the bit of the bit plane B2, to on 
or off for a time 8T in accordance with the bit of the 



bit plane B3, to on or off for a time 16T in accordance 
with the bit of the bit plane B4, to on or off for a time 
32T in accordance with the bit of the bit plane B5, to on 
or off for a time 64T in accordance with the bit of the 
bit plane B6, and to on or off for a time 128T in 
accordance with the bit of the bit plane B7 . It is to be 
noted that T + 2T + 4T + 8T + 16T + 32T + 64T + 128T is 
set so that it may be equal to or shorter than the time 
of one frame. 

When digital gradation display according to the 
plane sequential rewriting method is to be performed, in 
order to represent some gradations, it is necessary to 
use a certain number of bit planes after all. However, in 
the digital gradation display, from the foregoing, a time 
corresponding to the weight of each bit plane is 
allocated time - divisionally to the bit plane within the 
time of one frame, and a pixel is controlled to on or off 
within the allocated time (hereinafter referred to as 
subf ield) . Accordingly, the timing at which a pixel is 
controlled to on or off is displaced among the different 
bit planes, and therefore, when a moving picture is 
displayed, a moving picture pseudo contour appears and 
deteriorates the picture quality. 

Thus, a method is available wherein the subfields 



of the bit planes are set to shorter times and are packed 
toward the top of the time of one frame to reduce the 
displacements of timings at which the pixels are 
controlled to on/off for the individual bit planes to 
reduce appearances of a moving picture pseudo contour. 
According to the method, however, since the time within 
which a pixel is on within the entire time of one frame 
is reduced, this gives rise to reduction of the light 
amount, i.e., to reduction of the light utilization 
efficiency . 

For example, U.S. Patent No. 5,969,710 discloses a 
method wherein a subfield is divided into short time 
units shorter than 1/16 the time of one frame and the 
short time units (also such a short time unit is 
hereinafter referred to suitably as subfield) are 
disposed in a distributed manner within one frame time to 
reduce the displacements of the timings at which the 
pixels are controlled to on/off for the individual bit 
planes to reduce appearances of a moving picture pseudo 
contour. It is to be noted that, in U.S. Patent No. 
5,969,710, a DMD mentioned hereinabove is used as a light 
valve . 

However, where a subfield is divided into short 
time units shorter than 1/16 the time of one frame and a 



pixel is controlled to on/off in the short time units, 
since the number of times by which a pixel is controlled 
to on/off within one frame time increases. Besides, since 
a pixel must be controlled to on/off in the short time, a 
light valve, a light source or the like which allows 
high-speed on/off switching is required. As a result, the 
light valve, light source or the like which can be used 
for the apparatus is limited. 

On the other hand, where the number of bit planes 
is reduced, in order to reduce appearances of a moving 
picture pseudo contour, it is necessary to use pixel 
diffusion by dithering or the like or a correction pulse 
to perform processing of reducing noise. Accordingly, 
driving of the light valve or the light source is 
complicated. Further, a circuit which performs the 
processing of reducing noise must be provided, and this 
increases the cost of the apparatus. Further, the noise 
reduction process which uses pixel diffusion by dithering 
or a correction pulse in most cases effective for an 
image of a particular pattern, and accordingly, noise 
sometimes becomes striking conversely with images other 
than an image of the particular pattern. 
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SUMMARY OF THE INVENTION 

It is an object of the present invention to provide 
a display control apparatus and a display control method 
wherein, where digital gradation display is performed, 
appearances of a moving picture pseudo contour can be 
reduced simply. 

In order to attain the object described above, 
according to the present invention, there is provided a 
display control apparatus for controlling a display 
apparatus which displays an image in digital gradation, 
comprising inputting means for inputting digital values 
corresponding to pixel values which compose the image, 
and signal production means for producing a signal for 
driving the display apparatus so that light of divisional 
light amounts obtained by dividing light amounts 
corresponding to bits which compose the digital values 
may be emitted in a such manner as to be distributed 
within a time corresponding to one screen. Where both of 
a first light amount corresponding to a predetermined bit 
and a second light amount corresponding to a bit in a 
lower order by one bit to the bit are divided, the first 
and second light amounts are divided so that the division 
number of the first light amount may be smaller than 
twice the division number of the second light amount. 



According to another aspect of the present 
invention, there is provided a display control method for 
controlling a display apparatus which displays an image 
in digital gradation, comprising an inputting step of 
receiving digital values corresponding to pixel values 
which compose the image, and a signal production step of 
producing a signal for driving the display apparatus so 
that light of divisional light amounts obtained by 
dividing light amounts corresponding to bits which 
compose the digital values may be emitted in such a 
manner as to be distributed within a time corresponding 
to one screen. Where both of a first light amount 
corresponding to a predetermined bit and a second light 
amount corresponding to a bit in a lower order by one bit 
to the bit are divided, the first and second light 
amounts are divided so that the division number of the 
first light amount may be smaller than twice the division 
number of the second light amount. 

In the display control apparatus and the display 
control method, a signal is produced for driving the 
display apparatus so that light of divisional light 
amounts obtained by dividing light amounts corresponding 
to bits which compose digital values may be emitted in 
such a manner as to be distributed within a time 
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corresponding to one screen. In this instance, where both 
of a first light amount corresponding to a predetermined 
bit and a second light amount corresponding to a bit in a 
lower order by one bit to the bit are divided, the first 
and second light amounts are divided so that the division 
number of the first light amount may be smaller than 
twice the division number of the second light amount. 
Accordingly, where digital gradation display is performed, 
occurrences of a moving picture pseudo contour can be 
reduced simply. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic view illustrating digital 
gradation display by a plane sequential rewriting method; 

FIG. 2 is a perspective view showing a display 
apparatus according to a first embodiment of the present 
invention; 

FIG. 3 is a perspective view showing a display 
apparatus according to a second embodiment of the present 
invention; 

FIG. 4 is a perspective view showing a display 
apparatus according to a third embodiment of the present 
invention ; 

FIG. 5 is a block diagram showing an electric 



configuration of a display apparatus to which the present 
invention is applied; 

FIG . 6 is a flow chart illustrating processing of 
the display apparatus of the present invention; 

FIGS. 7A to 7H are diagrammatic views illustrating 
an analog gradation display and a digital gradation 
display; 

FIGS. 8A and 8B are diagrams illustrating 
relationships of a luminance and a lightness index number 
to a gradation, respectively; 

FIGS. 9A and 9B are similar views but illustrating 
relationships of a luminance and a lightness index number 
multiplied by a gamma value to a gradation, respectively; 

FIGS. 10A to IOC are diagrammatic views 
illustrating a digital gradation display by pulse width 
modulation ; 

FIGS. 11A and 11B are similar views but 
illustrating another digital gradation display by pulse 
width modulation; 

FIGS. 12A and 12B are diagrams illustrating a 
digital gradation display by intensity modulation; 

FIGS . 13A and 13B are schematic views showing a 
moving picture pseudo contour; 

FIGS. 14A and 14B are schematic views showing an 
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evaluation image ; 

FIGS. 15A to 14D are tables illustrating bits of 
bit planes obtained from the evaluation image; 

FIGS. 16A to 16C are diagrammatic views 
illustrating a manner wherein light amounts are divided 
in the direction of time and distributed discretely; 

FIG. 17 is a diagrammatic view illustrating a light 
emission pattern of a pixel; 

FIGS. 18A and 18B are diagrammatic views 
illustrating light amounts of pixels when the evaluation 
image moves; 

FIGS . 19A and 19B are diagrams illustrating 
different relationships of a luminance and a lightness 
index number to a gradation, respectively; 

FIGS. 20A and 20B are diagrammatic views 
illustrating another light emission pattern of a pixel; 

FIGS. 21A and 21B are diagrams illustrating further 
relationships of a luminance and a lightness index number 
to a gradation, respectively; 

FIGS. 22A and 22B are diagrammatic views 
illustrating a further light emission pattern of a pixel; 

FIGS. 23A and 23B are tables illustrating light 
amounts of pixels when the evaluation image is in a 
stopping state; 
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FIGS. 24A and 24B are tables illustrating light 
amounts of pixels when the evaluation image moves; 

FIGS. 25A and 25B are diagrams illustrating still 
further relationships of a luminance and a lightness 
index number to a gradation, respectively; 

FIGS, 26A and 26B are diagrammatic views 
illustrating a still further light emission pattern of a 
pixel ; 

FIGS. 27A and 27B are diagrams illustrating yet 
further relationships of a luminance and a lightness 
index number to a gradation, respectively; 

FIGS. 28A and 28B are diagrammatic views 
illustrating a yet further light emission pattern of a 
pixel ; 

FIGS. 29A and 29B are diagrams illustrating yet 
further relationships of a luminance and a lightness 
index number to a gradation, respectively; 

FIGS. 30A and 30B are diagrammatic views 
illustrating a yet further light emission pattern of a 
pixel ; 

FIGS. 31A and 31B are diagrams illustrating yet 
further relationships of a luminance and a lightness 
index number to a gradation, respectively; 

FIGS. 32A and 32B are diagrammatic views 
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illustrating a yet further light emission pattern of a 
pixel ; 

FIGS. 33A and 33B are diagrams illustrating yet 
further relationships of a luminance and a lightness 
index number to a gradation, respectively; 

FIGS. 34A and 34B are diagrammatic views 
illustrating a yet further light emission pattern of a 
pixel; and 

FIGS . 35A and 35B are diagrams illustrating yet 
further relationships of a luminance and a lightness 
index number to a gradation, respectively. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
First Embodiment 

FIG. 2 shows an example of appearance configuration 
of a display apparatus according to a first embodiment of 
the present invention. 

The present display apparatus is a projector which 
uses a CRT (Cathode Ray Tube) , and an R CRT 1R, a G CRT 
1G and a B CRT IB emit light of components (color 
components) of R (Red) , G (Green) and B (Blue) of an 
image, respectively. The light of the R component, the 
light of the G component and the light of the B component 
pass through an R projection lens 2R, a G projection lens 
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2G and a B projection lens 2B, respectively, and are 
irradiated upon a reflecting mirror 3. The light of the R 
component, the light of the G component and the light of 
the B component irradiated upon the reflecting mirror 3 
are reflected by the reflecting mirror 3 and irradiated 
upon a transmission screen 4. Consequently, an image 
formed from the R, G and B components is displayed on the 
transmission screen 4. 
Second Embodiment 

FIG. 3 shows an example of appearance configuration 
of a display apparatus according to a second embodiment 
of the present invention. Referring to FIG. 3, the 
display apparatus is configured in a similar manner to 
that in FIG. 2 except that a liquid crystal projector 11 
is provided in place of the R CRT 1R, G CRT 1G and B CRT 
IB as well as the R projection lens 2R, G projection lens 
2G and B projection lens 2B. 

The liquid crystal projector 11 is formed from a 
liquid crystal panel, a lens and so forth not shown, and 
enlarges an image displayed on the liquid crystal panel 
by means of the lens and irradiates corresponding light 
upon the reflecting mirror 3. An image of the light 
reflected from the reflecting mirror 3 is displayed on 
the transmission screen 4. 
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Third Embodiment 

FIG. 4 shows an example of appearance configuration 
of a display apparatus according to a third embodiment of 
the present invention. 

The present display apparatus is an HMD (Head 
Mounted Display) apparatus, and a user uses the display 
apparatus with a head mounting section 2 3 mounted on the 
head thereof such that a lens 22 may be opposed to the 
pupils of the user itself. 

In this instance, light as an image displayed on an 
image display panel 21 formed from a CRT, a liquid 
crystal panel or the like of a small size is introduced 
into the pupils of the user through the lens 22. 
Thereupon, a virtual image of a predetermined size is 
observed at a position spaced by a predetermined distance 
by the pupils of the user. 

The present invention can be applied also to a PDP 
or a display apparatus which uses an LED (Light Emitting 
Diode) as a pixel. 

FIG. 5 shows an example of electric configuration 
of a display apparatus to which the present invention is 
applied . 

Digital image data outputted, for example, from a 
personal computer 30 are supplied to the display 
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apparatus. It is to be noted that, in the display 
apparatus of FIG. 5, the personal computer 3 0 outputs, 
for example, digital image data wherein each pixel value 
includes components of R, G and B. Further, for example, 
eight bits are allocated to each of the components of R, 
G and B. 

The digital image data supplied to the display 
apparatus are inputted to an input interface (I/F) 31. 
The input interface 31 receives the digital image data 
supplied thereto and supplies them to a gamma circuit 32. 
The gamma circuit 32 multiplies the digital image data 
from the input interface 31 by a predetermined gamma 
value if necessary and supplies resulting image data to a 
bit plane production circuit 33. The bit plane production 
circuit 33 produces such bit planes as described 
hereinabove with reference to FIG. 4 for each frame. from 
the digital image data from the gamma circuit 32 and 
supplies the bit planes to a frame memory 34. The frame 
memory 34 temporarily stores the bit planes supplied 
thereto from the bit plane production circuit 33. A 
signal production circuit 35 produces a drive signal for 
driving a display section 36 in accordance with the bit 
planes stored in the frame memory 34. In particular, the 
signal production circuit 35 produces a drive signal for 



performing digital gradation display by the plane 
sequential rewriting method, and supplies the drive 
signal to the display section 36. The display section 36 
displays an image in accordance with the drive signal 
from the signal production circuit 35. 

The display section 36 can be formed from, for 
example, a light source for emitting light of a fixed 
intensity and a light valve. As the light source for 
emitting light of fixed intensity, for example, such a 
xenon lamp, a metal halide lamp or the like mentioned 
hereinabove can be used, and also it is possible to use a 
laser light source, an LED or the like. In this instance, 
the signal production circuit 35 produces a drive signal 
for causing the display section 36 to emit pulse width 
modulated light by controlling the light valve to on/off. 

As an alternative, the display section 36 can be 
formed from, for example, a light source which emits 
light of fixed intensity without using a light valve. 
Where, for example, an LED is used as the light source 
which emits light of fixed intensity, LEDs individually 
corresponding to pixels can be provided. In this instance, 
the signal production circuit 35 produces a drive signal 
for causing the display section 36 to emit pulse width 
modulated light by controlling the LEDs corresponding to 
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the individual pixels to on/off. 

As another alternative, the display section 36 can 
be formed from, for example, a light source which emits 
light of variable intensity. As the light source for 
emitting light of variable intensity, for example, a 
laser light source, an LED or the like can be used. Where, 
for example, an LED is used as the light source and LEDs 
individually corresponding to pixels are provided, the 
signal production circuit 35 produces a drive signal for 
causing the display section 36 to emit intensity 
modulated light by controlling the light intensities of 
the LEDs corresponding to the individual pixels. 

As a further alternative, the display section 36 
can be formed from, for example, a light source which 
emits light of variable intensity and a light valve. In 
this instance, the signal production circuit 35 produces 
a drive signal for causing the display section 36 to emit 
intensity modulated light by controlling the light source 
and the light valve. 

It is to be noted that it is otherwise possible for 
the signal production circuit 35 to produce a drive 
signal for causing the display section 36 to emit pulse 
width modulated light for a certain bit plane or planes 
and emit intensity modulated light for the other bit 

18 



plane or planes. 

Now, a display process of an image by the display 
apparatus of FIG . 5 is described with reference to a flow 
chart of FIG. 6. 

Digital image data outputted from the personal 
computer 30 are received by the input interface 31 and 
supplied to the gamma circuit 32. The gamma circuit 32 
multiplies the digital image data by a predetermined 
gamma value if necessary and supplies resulting digital 
image data to the bit plane production circuit 33 in step 
SI, The bit plane production circuit 33 produces bit 
planes for the different bits from the digital image data 
from the gamma circuit 32 and supplies and stores the bit 
planes to and into the frame memory 34. Then, the 
processing advances to step S3, in which the signal 
production circuit 35 produces, based on the bit planes 
stored in the frame memory 34, a drive signal for causing 
the display section 36 to emit pulse width modulated or 
intensity modulated light and supplies the drive signal 
to the display section 36, and then the processing 
advances to step S4 . In step S4, the display section 36 
is driven in accordance with the drive signal from the 
signal production circuit 35 to display a corresponding 
image, and then the processing is ended. 



It is to be noted that the processing illustrated 
in FIG. 6 is a process for displaying an image of one 
frame (or one field) and accordingly is performed for the 
individual frames . 

Now, a relationship between the digital image data 
supplied to the display apparatus of FIG. 5 and an image 
displayed on the display section 36 is described. 

Where the digital image data are formed from R, G 
and B components of 8 bits as described hereinabove, 256 
(= 2 8 ) gradations can be represented for each component 
(each color), and accordingly, 16,777,216 colors (= 256 * 
256 x 256) can be represented with the three components 
of R, G and B. 

Where such digital image data are displayed in 
accordance with an analog gradation display system on a 
CRT, for example, as shown in FIG. 7A, the digital image 
data as an input signal and the luminance of an image 
displayed on the CRT do not increase in proportion to 
each other but have such a relationship as illustrated in 
FIG. 7B and an intermediate gradation portion is 
displayed darker than the brightness with which it should 
originally be displayed. 

Meanwhile, as an index number representative of the 
brightness which a human being feels with the sense of 



sight with regard to a certain luminance value y, for 
example, a lightness index number is available, and 
according to a displaying method of an object color 
according to the L*a*b* display system in JIS Z 8729, the 
lightness index number L* can be represented by the 
following expression : 

L* - 116 (y/Y) 1/3 - 16 

(where y/Y > 0.008856) 

L* = 903 .29 (y/y) 

(where y/Y ^ 0.008856) 

- (1) 

where Y represents the highest luminance value 
(intensity) . 

According to the expression (1) , the lightness 
index number L* is a value obtained by gamma correcting 
the luminance value y. Accordingly, although digital 
image data as an input signal and the luminance of an 
image displayed on a CRT do not increase in proportion to 
each other as described above, the digital image data and 
the lightness index number L* as a brightness which a 
human being who observes a corresponding image feels 
increase substantially in proportion to each other as 
illustrated in FIG. 7C. 

In contrast, where digital image data are displayed, 



for example, by a display apparatus of a digital 
gradation display system such as a PDP as illustrated in 
FIG. 7D, the digital image data as an input signal and 
the luminance of an image displayed on the display 
apparatus increase substantially in proportion to each 
other as illustrated in FIG. 7E. 

In this instance, however, since the lightness 
index number L* is such a value as is obtained by so- 
called gamma correcting the luminance value y, a human 
being feels an intermediate gradation portion brighter 
than the original brightness value of it. 

Thus, in the display apparatus of FIG. 5, the gamma 
circuit 32 multiplies digital image data by a gamma value. 
Where the digital image data as an input signal are 
multiplied by a gamma value, resulting digital image data 
and the luminance value of an image displayed on the 
display apparatus have such a relationship as shown in 
FIG. 7F, and where the resulting image data are displayed 
on the display apparatus which has such a characteristic 
as illustrated in FIG. 7E, the relationship between the 
digital image data as an input signal and the luminance 
of the image displayed on the display apparatus becomes 
such as illustrated in FIG. 7G, which is similar to that 
of FIG. 7B. 



Accordingly, the digital image data and the 
lightness index number L* as a brightness which a human 
being who looks at an image corresponding to the digital 
image data feels have such a relationship as shown in 
FIG. 7H and increase substantially in proportion to each 
other similarly as in the case of FIG. 7C. 

From the foregoing, by dividing digital image data 
by a gamma value, also on a display apparatus according 
to a digital gradation display system, a user can enjoy 
an image similar to that according to an analog gradation 
display system. 

FIGS. 8A and 8B illustrate relationships of the 
luminance and the lightness index number to the gradation 
of digital image data. 

FIG. 8A illustrates a relationship between the 
gradation and the luminance, and the two are in a 
proportional relationship. FIG. 8B illustrates a 
relationship between the gradation and the lightness 
index number. From the expression (1) given hereinabove, 
where the luminance is low, the variation of the 
lightness index number relative to the variation of the 
luminance is great. Accordingly, where the gradation and 
the luminance are in a proportional relationship, the 
variation of the lightness index number is great when the 
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gradation is low. 

It is to be noted that, in FIG. 8A, each luminance 
y is represented as a relative luminance with reference 
to the highest luminance value Y where the highest 
luminance value Y is represented by 100, Further, the 
luminance y is the luminance of one of the components of 
R, G and B, that is, the luminance of a single color. 
Also in the following description, this applies similarly 
unless otherwise specified. 

FIGS. 9A and 9B illustrate relationships of the 
luminance and the lightness index number multiplied by a 
gamma value to the gradation, respectively. 

In particular, FIG. 9A illustrates a relationship 
between the gradation and the luminance where digital 
image data is multiplied by a gamma value of 2.2. FIG. 9B 
illustrates a relationship between the gradation and the 
lightness index number where the relationship between the 
gradation and the luminance is such as illustrated in 
FIG. 9A. Since the digital image data are multiplied by 
the gamma value of 2.2, the relationship between the 
gradation and the lightness index number of FIG. 9B 
becomes a substantially proportional relationship. 

Now, digital gradation display by pulse width 
modulation is described. 
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In digital gradation display by pulse width 
modulation, a subfield as a time corresponding to a 
weight of each bit plane is allocated time-divisionally 
to the bit plane within the time of one frame as 
illustrated in FIG . 10A. 

For example, if a pixel value is composed of 8 bits 
then eight bit planes BO to B7 are obtained as described 
above, and to the eight bit planes BO to B7, the times T, 
2T, 4T, 8T, 16T, 32T, 64T and 128T corresponding to the 
respective weights within the time of one frame are 
allocated as subfields. 

Accordingly, if it is assumed that one frame rate 
is 6 0 Hz, then the time of one frame is approximately 
16.67 milliseconds, and if the 16.67 milliseconds are all 
allocated to the subfields, then the subfield of the bit 
plane BO is 16.67 milliseconds * 1/ (1 + 2 + 4 + 8 + 16 + 
32 + 64 + 128), that is, approximately 65 microseconds. 
Meanwhile, the subfield of the bit plane Bl is 16.67 
milliseconds * 2/ (1 + 2 + 4 + 8 + 16 + 32 + 64 + 128) , 
that is, approximately 130 microseconds. Further, 
similarly the subfield of the bit plane B2 is 
approximately 260 microseconds; the subfield of the bit 
plane B3 is approximately 0.52 milliseconds; the subfield 
of the bit plane B4 is approximately 1.04 milliseconds; 



the subfield of the bit plane B5 is approximately 2.1 
milliseconds; the subfield of the bit plane B6 is 
approximately 4.2 milliseconds; and the subfield of the 
bit plane B7 is approximately 8.4 milliseconds. 

It is to be noted that, in FIG. 10A, the subfields 
of the bit planes BO to B7 are successively allocated to 
the time of one frame from the top of the same. 

Where the display section 36 is formed from a light 
source of fixed intensity and a light valve, light of 
fixed intensity is irradiated from the light source as 
illustrated in FIG. 10B. And, each pixel of the light 
valve is controlled to on/off for periods of the 
subfields of the bit planes in accordance with the bits 
of the bit planes to represent a predetermined gradation. 

For example, where the gradation is 77, the 
gradation is represented as 01011101B (B represents that 
the value is a binary number) in binary number. Now, if 
it is assumed that the state wherein the bit is 1 or 0 
corresponds to on or off, respectively, then the pixel is 
controlled, as illustrated in FIG. IOC, to on in the 
subfield of the bit plane BO, to off in the subfield of 
the bit plane Bl, to on in the subfields of the bit 
planes B2 and B3, to off in the subfields of the bit 
planes B4 and B5, to on in the subfield of the bit plane 



B6, and to off in the subfield of the bit plane B7 , 

When the pixel is in an on state, the light from 
the light source goes out from the pixel. As a result, 
light of a light amount (luminance) obtained by time 
integrating results of multiplication of FIGS, 10B and 
IOC within the time of one frame is emitted from the 
pixel . 

Where the display section 36 is formed from light 
sources of fixed intensity corresponding to the 
individual pixels, a light source corresponding to one of 
the pixels is controlled to on/off for periods of the 
subfields of the bit planes to represent a predetermined 
gradation . 

For example, where the gradation is 77, since its 
binary representation is as 01011101B as given above, the 
light source as the pixel is controlled, as illustrated 
in FIG. 11B, to on in the subfield of the bit plane BO, 
to off in the subfield of the bit plane Bl, to on in the 
subfields of the bit planes B2 and B3, to off in the 
subfields of the bit planes B4 and B5, to on in the 
subfield of the bit plane B6, and to off in the subfield 
of the bit plane B7 . As a result, light of a light amount 
(luminance) obtained by time integrating the light 
amounts of FIG. 11B within the time of one frame is 
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emitted from the pixel corresponding to the light source. 

It is to be noted that FIG. 11A illustrates 
subframes of time lengths corresponding to weights of the 
individual bit planes and is similar to FIG. 10A. 

Now, digital gradation display by intensity 
modulation is described. 

In digital gradation display by intensity 
modulation, subfields of an equal time are allocated 
time-divisionally to the individual bit planes within the 
time of one frame. However, in each subfield, light of an 
intensity corresponding to the weight of the bit plane is 
emitted as illustrated in FIG. 12A. 

For example, if the intensity of light emitted in 
the subfield of the bit plane B7 is represented by 1, 
then light of the intensity of 0.5 is emitted in the 
subfield of the bit plane B6; light of the intensity of 
0.25 is emitted in the subfield of the bit plane B5; 
light of the intensity of 0.125 is emitted in the 
subfield of the bit plane B4; light of the intensity of 
0.0625 is emitted in the subfield of the bit plane B3; 
light of the intensity of approximately 0.031 is emitted 
in the subfield of the bit plane B2; light of the 
intensity of approximately 0.016 is emitted in the 
subfield of the bit plane Bl; and light of the intensity 
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of approximately 0.008 is emitted in the subfield of the 
bit plane BO . 

It is to be noted that, if one frame rate is, for 
example, 60 Hz and accordingly the time of one frame is 
all allocated to the subfields, then the time of each 
subfield is approximately 2.1 milliseconds 16.67 
milliseconds/8) . Further, in FIG. 12A, within the time of 
one frame, the subfields of the bit planes BO to B7 are 
successively allocated from the top. 

For example, where the gradation of 77 is 
represented by digital gradation display by intensity 
modulation, since the binary representation of it is 
01011101B as given hereinabove, the light source or the 
light valve as the pixel is controlled, as illustrated in 
FIG. 12B, to on in the subfield of the bit plane BO, to 
off in the subfield of the bit plane Bl, to on in the 
subfields of the bit planes B2 and B3, to off in the 
subfields of the bit planes B4 and B5, to on in the 
subfield of the bit plane B6, and to off in the subfield 
of the bit plane B7 . As a result, light of a light amount 
(luminance) obtained by time integrating results of 
multiplication of FIGS. 12A and 12B within the time of 
one frame is emitted from the pixel corresponding to the 
light source. 
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From the foregoing description, by whichever one of 
pulse width modulation and intensity modulation digital 
gradation display is performed, since subfields are 
allocated time-divisionally to individual bit planes, the 
light emission timing corresponding to a bit of a certain 
bit plane and the light emission timing corresponding the 
bit of another bit plane do not coincide with each other 
but are displaced from each other. 

In particular, where gradations of, for example, 
127 and 128 are to be displayed, since the binary 
representation of the "127" gradation is 01111111B, light 
is emitted in all of the subfields of the bit planes BO 
to B6 to display the gradation, and since the binary 
representation of the "128" gradation is 00000001B, light 
is emitted in the subfield of the bit plane B7 to display 
the gradation. Accordingly, for example, where the "127" 
and "128" gradations are digital gradation displayed by 
pulse width modulation, the timing at which emission of 
light of the "127" gradation is started and the timing at 
which emission of light of the "128" gradation is started 
have a time lag of approximately 8.4 milliseconds { ^ 65 
microseconds + 125 microseconds + 250 microseconds + 0.5 
milliseconds + 1 millisecond + 2.1 milliseconds + 4.2 
milliseconds) (FIG. 10A) . On the other hand, where the 
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"127" and "128" gradations displayed by digital gradation 
display by intensity modulation, the timing at which 
emission of light of the "127" gradation is started and 
the timing at which emission of light of the "128" 
gradation is started have a time lag of approximately 
14,7 milliseconds 2.1 milliseconds * 7) (FIG. 12A) . 

Accordingly, for example, where such an image of 
the face of a person whose gradation varies gradually as 
shown in FIG. 13A is displayed by digital gradation 
display, if the person moves, then if a pixel from which 
light of the "127" gradation is emitted is used as a 
reference, then a pixel from which light of the "128" 
gradation is emitted is displaced from the original 
position of the pixel, and as a result, a bright line 
(hereinafter referred to as bright line) or a dark line 
(hereinafter referred to as dark line) appears like a 
contour line on the image as shown in an enlarged view of 
part of FIG. 13A shown in FIG. 13B. The bright line or 
dark line like a contour line is called moving picture 
pseudo counter. 

In order to evaluate the degree of the moving 
picture pseudo contour, such an image (hereinafter 
referred to as evaluation image) as shown in FIG. 14A is 
considered . 
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The evaluation image of FIG. 14A is a square image 
of 512 x 512 pixels in rows x columns, and the gradation 
of the left end is "0" and the gradation successively 
varies by one for every two pixels in the rightward 
direction from the left. Accordingly, the gradation of a 
pixel at the right end of the square of FIG. 14A is "255" 
It is to be noted that the gradations in the vertical 
direction {column direction) of the evaluation image are 
same in each column. 

Further, since a moving picture pseudo contour 
appears on an image which includes some movement, the 
evaluation image must be moved. Thus, the evaluation 
image is moved in the rightward direction from the left 
by a distance of 10 pixels per the time of one frame as 
shown in FIG. 14B* Accordingly, where the frame rate is, 
for example, 60 Hz, the evaluation image is moved in the 
rightward direction from the left by a distance of 600 
pixels (= 10 pixels x 60 Hz) in one second. 

It is to be noted that, where the evaluation image 
is displayed on a screen of 640 x 480 pixels, it is moved 
from the left end to the right end of the screen in 
approximately 1.1 seconds {= 640 pixels/600 pixels). On 
the other hand, where the evaluation image is displayed 
on a screen of 800 pixels x 600 pixels, another screen of 



1,024 pixels x 768 pixels, a further screen of 1,280 
pixels x 1,024 pixels and a still further screen of 1,600 
x 1,200 pixels, the evaluation image is moved from the 
left end to the right end of the screen in approximately 
1.3 seconds, 1.7 seconds, 2.1 seconds and 2.6 seconds, 
respectively . 

Where such an evaluation image as described above 
is displayed on the display apparatus of FIG. 5, in order 
to make the relationship between the gradation and the 
lightness index number substantially linear as shown in 
FIG. 9B, the gradation must be multiplied by a gamma 
value of approximately 2.2. Therefore, values obtained by 
multiplying the gradations of "0" to "255" illustrated in 
FIG. 15A by a gamma value of 2,2 are illustrated in 
FIG. 15B. Further, in the present embodiment, since a 
pixel value is represented by (an integer of) 8 bits, the 
gradations multiplied by the gamma value and represented 
as integral values of 8 bits are illustrated in FIG. ISC- 
Further, the bits B0 to B7 where the integral values 
illustrated in FIG. 15C are represented as binary 
representations are illustrated in FIG. 15D. 

As a method of preventing a moving picture pseudo 
contour, a method is available wherein a light amount 
corresponding to a bit of a predetermined bit plane is 
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divided and light amounts (hereinafter referred to as 
divisional light amounts) obtained as a result of the 
division are distributed discretely within the time of 
one frame. 

The light amount corresponding to a bit of a bit 
plane is a value obtained by integrating the intensity of 
light corresponding to the bit with the time (time of the 
subfields) allocated to the bit. Accordingly, as a method 
of dividing the light amount, a method of dividing the 
light amount in the direction of time and another method 
of dividing the light amount in the direction of 
intensity (level) are available. Where a digital 
gradation display system by pulse width modulation is 
used, basically the light amount is divided in the 
direction of time. However, where a digital gradation 
display system by intensity modulation is used, basically 
the light amount is divided in the direction of intensity. 
It is to be noted that, since light of the light amount 
divided in the intensity direction must be emitted 
somewhere within the time of one frame, where the light 
amount is divided in the intensity direction, the time of 
each subfield must be made short as much. For example, 
the light amount of the bit planes in the higher orders 
than the bit plane B4 in FIG. 12A is divided into light 
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amounts equal to that of the subfield of the bit plane B4 , 
the light amount of the bit plane B5 is divided into two, 
the light amount of the bit plane B6 is divided into four, 
and the light amount of the bit plane B7 is divided into 
eight. Accordingly, in this instance, since light of 
totaling 19 light amounts of five light amounts of the 
bit planes BO to B4, two divisional light amounts of the 
bit plane B5, four divisional light amounts of the bit 
plane B6 and eight divisional light amounts of the bit 
plane B7 must be emitted, a subfield of one light amount 
is approximately 0.877 milliseconds ( 16.67 
milliseconds/19) . 

Where the light amount is divided in the time 
direction, if the light amount of the bit planes in the 
higher orders than the bit plane B4 is divided into light 
amounts equal to that of the subfield of the bit plane B4 , 
then the light amount is divided in such a manner as 
illustrated in FIGS. 16A to 16C. 

In particular, for example, if it is assumed that 
subfields similar to those in the case of FIG. 10A are 
allocated to the individual bit planes as illustrated in 
FIG. 16A, then the subfields of the bit planes in the 
higher orders than the bit plane B4 are divided into the 
same time length as that of the subfield of the bit plane 



B4 as shown in FIG. 16B. Consequently, the light amount 
of the bit plane B5 is divided into two, the light amount 
of the bit plane B6 is divided into four, and the light 
amount of the bit plane B7 is divided into eight. 

Then, the divisional light amounts are arranged so 
as to be distributed discretely within the time of one 
frame as illustrated in FIG. 16C. 

In the following description, the nth divisional 
light amount obtained by dividing the light amount of the 
bit plane B#i into N is suitably referred to as B#i-#n. 

In this instance, the light emission pattern within 
the time of one frame is such as illustrated in FIG. 17. 
In particular, in this instance, the light emission 
pattern is, from the top of the time of one frame, B7-1, 
B6-1, B7-2, B5-1, B7-3, B6-2, B7 - 4 # B4 , B2 , BO, Bl , B3 , 
B7-5, B6-3, B7-6, B5-2, B7-7, B6-4, B7 - 8 . 

Here, the times of the subfields BO to B4 which are 
not divided are 65 microseconds, 130 microseconds, 260 
microseconds, 520 microseconds, and 1,040 microseconds, 
respectively, as described hereinabove. Further, since 
all of the subfields B5-1 to B7 - 8 obtained by dividing 
the light amounts have the time width equal to that of 
the subfield B4 , the time is 1,040 microseconds. 

In FIG. 17, the accumulated time of the subfields 
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distributed discretely within the time of one frame is 
16,575 {= 1,040 + 1,040 + 1,040 + 1,040 + l r 040 + 1,040 + 
1,040 + 1,040 + 260 + 65 + 130 + 520 + 1,040 + 1,040 + 
1,040 + 1,040 + 1,040 + 1,040 + 1,040) microseconds. 
Accordingly, the accumulated time is shorter by 92 
microseconds than 16,677 microseconds which is the time 
of one frame, and within the time of 92 microseconds, the 
pixel is controlled to blank (dark) . Further, the blank 
time is disposed, for example, at the last end of the 
time of one frame. 

When the pixel is controlled to on/off in the light 
emission pattern illustrated in FIG. 17, if the 
evaluation image shown in FIG. 14A moves in the rightward 
direction from the left on the screen as described with 
reference to FIG. 14B, then the light amounts of the 
pixels of the columns on the screen are such as 
illustrated in FIGS. 18A and 18B. 

In particular, FIG. 18A illustrates timings at 
which the pixels of the columns on a certain row 
(horizontal line) where the left end column on the screen 
is designated as the first column are controlled to 
on/off within the time of one frame. It is to be noted 
that, in FIG. 18A, 1 or 0 represents on or off, 
respectively. 
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Since the evaluation image moved rightwardly from 
the left by 10 pixels within the time of one frame, also 
the light emission timings of the individual pixels are 
displaced at the rate {10 pixels/frame). In FIG. 18A, 
that the 0s at the top which represent an off state 
exhibit a downward staircase shape represents such 
displacement in light emission timing. 

The light amount of light of a pixel in each column 
is determined as a sum total of the light amounts of 
those subfields which represent 1 in the direction of a 
row of FIG. 18A. Where the light amounts of light of 
pixels of the columns are determined, they are such as 
illustrated in FIG. 18B. It is to be noted that the 
"light amount" in the first column in FIG. 18B represents 
the sum total of the light amounts of those subfields 
which are 1 in the individual rows of FIG. 18A while the 
"normalized light amount" of the second column represents 
values obtained by dividing the values in the "light 
amount" of the first column by 255 (the maximum value of 
the light amount of one pixel) . 

In this instance, if the lightness index numbers of 
the pixels from the first column to the 512th column on 
the screen are calculated in accordance with the 
expression (1) given hereinabove, such a result as 
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illustrated in FIG. 19A is obtained. In FIG. 19A, the 
lightness index number increases or decreases like an 
impulse at some portions thereof, and a portion at which 
the lightness index number increases or decreases in this 
manner forms a bright line or a dark line, respectively, 
and makes a moving picture pseudo contour. 

In regard to a printed matter, the state of it is 
evaluated with a color difference obtained from the 
lightness index number, and also the degree of the moving 
picture pseudo contour can be evaluated with the color 
difference . 

Here, the color difference AE* ab can be determined 
using a color difference display method according to JIS 
Z 8730 in accordance with the following expression. 

AE* ab = ((Al*) 2 + (Aa*) 2 + (Ab*) 2 ) 1/2 ... (2) 

where Al* is a finite difference between the lightness 
index numbers L* of adjacent pixels, Aa* is a finite 
difference between the chromaticness index numbers a* of 
adjacent pixels, and Ab* is a finite difference between 
the chromaticness index numbers b* of adjacent pixels. 

If it is assumed now that the display color is a 
single color, then the chromaticness index numbers a* and 
b* can be ignored. Accordingly, the color difference 
AE* ab is a finite difference of the lightness index 
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numbers L* of adjacent pixels as represented by the 
following expression : 

AE* ab - Ah* ... (3) 

The color differences AE* ab as evaluation values 
for a moving picture pseudo contour determined in 
accordance with the expression (3) from the lightness 
index numbers of FIG. 19A are illustrated in FIG. 19B. 

That the color difference AE* ab is small represents 
that a certain pixel and an adjacent pixel cannot be 
identified readily from each other and accordingly 
represents that, as regard the evaluation image of such a 
gradation pattern as shown in FIG. 14A, the gradation is 
smooth. On the contrary that the color difference AE* ab 
is great represents that a certain pixel and an adjacent 
pixel are much different from each other and accordingly 
represents that the degree of the moving picture pseudo 
contour is high. 

Thus, if it is assumed now that the highest value 
of the absolute values of the color differences AE* ab is 
used as an index number {hereinafter referred to suitably 
as pseudo contour index number) representative of the 
degree of the moving picture pseudo contour, then the 
pseudo contour index number in the case of FIG. 19B is 
approximately 2 0.6. 
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In particular, if the light amount is divided in 
the direction of time as illustrated in FIG, 16B and the 
resulting divisional light amounts are distributed 
discretely in such a manner as illustrated in FIG. 16C, 
then the pseudo contour index number is approximately 
20.6. 

On the other hand, if the light amounts are merely 
divided in the direction of time in a similar manner as 
in the case of FIG. 16B but the divisional light amounts 
are placed at their original positions without discretely 
distributing them, then the pseudo contour index number 
can be determined in the following manner. 

Here, the first column of FIG. 20A represents the 
bit plane of a pixel value to which 8 bits are allocated, 
and the second column represents the weight to the bit 
plane. Further, the third column represents the division 
number of the light amount corresponding to the bit of 
the bit plane, and the fourth column represents the 
weight after the division (= [weight of the second 
column] / [division number of the third column] ) . 
Furthermore, the fifth column represents the time of the 
subfield after the division, and the sixth column 
represents the time of the subfield after the division. 

It is to be noted that the division number of 1 
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represents that the light amount is not divided. 

FIG. 20B shows a light emission pattern of a pixel 
within the time of one frame. It is to be noted that, 
since, after division of the light amount, the divisional 
light amounts obtained by the division are not moved from 
the original positions, the light emission pattern here 
is substantially same as that in the case wherein the 
light amount is not divided. 

The lightness index numbers and the color 
differences in the case of FIGS. 20A and 20B are 
illustrated in FIGS. 21A and 21B. In particular, FIG. 21A 
represents the lightness index numbers and FIG. 21B 
represents the color differences. 

From the color differences of FIG. 21B, it can be 
seen that the pseudo contour index number in the case of 
FIGS. 20A and 20B is approximately 42.7, and where the 
divisional light amounts are not distributed discretely, 
a moving picture pseudo contour is very striking when 
compared with the pseudo contour index number (20.6 as 
described with reference to FIG. 19B) in the case 
(FIG. 17) wherein the divisional light amounts are 
distributed discretely . 

While, in the case described above, the light 
amounts are divided in the direction of time, the case 
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wherein the light amounts are divided in the direction of 
intensity and the divisional light amounts are disposed 
discretely is described below. 

For example, if the light amounts of the bit planes 
in the higher orders than the bit plane B4 in FIG. 12A 
are divided into light amounts equal to that of the 
subfield of the bit plane B4, then the light amount of 
the bit plane B5 is divided into two divisional light 
amounts B5-1 and B5-2; the light amount of the bit plane 
B6 is divided into four divisional light amounts B6-1 to 
B6-4; and the light amount of the bit plane B7 is divided 
into eight divisional light amounts B7-1 to B7 - 8 . Then, 
the subfields (light amounts including divisional light 
amounts) are distributed such that the light emission 
pattern within the time of one frame is, from the top of 
the time of one frame, B7-1, B6-1, B7-2, B5-1, B7-3, B6-2, 
B7-4, B4, B2, BO, Bl, B3 , B7 - 5 , B6-3, B7 - 6 , B5-2, B7-7, 
B6-4, B7-8 similarly as in the case of FIG. 17. 

The first to fourth columns of FIG. 22A represent 
the bit planes of a pixel value to which eight bits are 
allocated, the weights of the bit planes, the divisional 
numbers of the light amount corresponding to the bits of 
the bit planes, and the weights after the division, 
respectively. 
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FIG. 22B represents a light emission pattern from 
the top of the time of one frame. 

Where a pixel is controlled to on/off in the light 
emission pattern illustrated in FIGS. 22A and 22B, in a 
state (stationary state) before the evaluation image 
shown in FIG. 14A starts its movement on the screen, the 
light amounts of the pixels in the individual columns on 
the screen are such as illustrated in FIGS. 23A and 23B. 

In particular, FIG . 23A illustrates the timings at 
which the pixels in the difference columns on a certain 
row (horizontal line) where the column at the left end on 
the screen is determined as the first column are 
controlled to on/off within the time of one frame. It is 
to be noted that, in FIG. 23A, 1 and 0 represent on and 
off, respectively. 

The light amount of light of a pixel in each column 
is determined as a sum total of the light amounts of 
those subfields which represent 1 in the direction of a 
row of FIG. 23A. Where the light amounts of light of 
pixels of the rows are determined, they are such as 
illustrated in FIG, 23B. 

The "light amount" in the first column in FIG. 23B 
represents the sum total of the light amounts of those 
subfields which are 1 in the individual rows of FIG. 23A. 



In the present case, since the evaluation image is in a 
stationary state, the "light amount" in the first column 
is equal to the gradation (gradation multiplied by a 
gamma value) illustrated in FIG. 15C. 

The "normalized light amount" of the second column 
in FIG. 23B represents values obtained by dividing the 
values in the "light amount" of the first column by 255, 
and the third column represents values obtained by 
multiplying the values of the "normalized light amount" 
of the second column by 100. Further, the fourth column 
and the fifth column represent the lightness index 
numbers and the color differences determined in 
accordance with the expressions (1) and (3) given 
hereinabove, respectively, from the values of the "light 
amount" of the first column. 

Now, where a pixel is controlled to on/off in the 
light emission pattern illustrated in FIGS. 22A and 22B, 
when the evaluation image shown in FIG. 14A moves in the 
rightward direction from the left on the screen as 
described with reference to FIG. 14B, the light amounts 
of pixels in the columns on the screen are such as 
illustrated in FIGS. 24A and 24B. 

In particular, FIG. 24A illustrates the timings at 
which the pixels in the different columns on a certain 
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row {horizontal line) where the column at the left end on 
the screen is determined as the first column are 
controlled to on/off within the time of one frame. It is 
to be noted that, in FIG. 24A, 1 and 0 represent on and 
of f f respectively. 

Since the evaluation image moves from the left to 
the right by 10 pixels within the time of one frame, also 
the light emission timings of the individual pixels are 
displaced at the rate {10 pixels/frame) . In FIG. 24A, 
that the 0s at the top which represent an off state 
exhibit a downward staircase shape represents such 
displacement in light emission timing. 

Also in this instance, the light amount of light of 
a pixel in each column is determined as a sum total of 
the light amounts of those subfields which represent 1 in 
the direction of a row of FIG. 24A. Where the light 
amounts of light of pixels of the rows are determined in 
this manner, they are such as illustrated in FIG. 24B. 

It is to be noted that the first to fifth columns 
in FIG. 23B represent the light amount, normalized light 
amount, normalized light amount multiplied by 100, 
lightness index number and color difference, respectively, 
similarly to the first to fifth columns in FIG. 23B. 

As can be seen from comparison between the light 
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amounts in the first column in FIG. 23B and the light 
amounts in the first column in FIG, 24B, when the 
evaluation image moves (FIGS. 24A and 24B) , the light 
amounts of the pixels in the columns vary to higher or 
lower values with respect to those when the evaluation 
image does not move (FIGS . 23A and 23B) , and such 
variations appear as a bright line or a dark line. 

In the case of FIGS . 24A and 24B, if the lightness 
index numbers and the color differences of the pixels 
from the first column to the 512th column on the screen 
are calculated in accordance with the expressions (1) and 
(3), then such results as illustrated in FIGS. 25A and 
25B are obtained. From the color differences of FIG . 25B, 
where the light amounts are divided in the direction of 
intensity and the divisional light amounts are disposed 
discretely in such a manner as illustrated in FIGS. 22A 
and 22B, the pseudo contour index number is 13.5. 

Here, the color difference illustrated in FIG. 19B 
is obtained when the light amounts are divided in the 
direction of time and the divisional light amounts 
obtained as a result are distributed in such a manner as 
illustrated in FIG. 17 , and the color differences 
illustrated in FIG. 25B are obtained when the light 
amounts are divided in the direction of intensity and the 
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divisional light amounts obtained as a result are 
distributed in such a manner as illustrated in FIG. 22B. 
And, according to the color differences illustrated in 
FIG. 19B, the pseudo contour index number is 20.6, and 
according to the color differences illustrated in 
FIG. 25B, the pseudo contour index number is 13.5. 

The light emission patterns shown in FIGS. 17, 22B 
are identical (however, since the times of the subfields 
are different, the light emission timings are different) , 
and accordingly, even if the light emission pattern 
(light emission order) is the same, if the light emission 
timings are different, then also the pseudo contour index 
number exhibits a different value. 

Here, if the light amounts are divided in the 
direction of intensity and the resulting divisional light 
amounts are not distributed but those of the bits of the 
same bit planes are collectively disposed as shown in 
FIGS. 26A and 26B, then the pseudo contour index number 
becomes such as follows. 

It is to be noted that the first to fourth columns 
in FIG. 26A represent the bit planes of pixel values to 
which 8 bits are allocated, the weights to the bit planes, 
the division numbers of the light amounts corresponding 
to the bits of the bit planes, and the weights after the 
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division similarly to the first to fourth columns of 
FIG. 20A, respectively. 

Meanwhile, FIG. 26B illustrates a light emission 
pattern of a pixel within the time of one frame. 

The lightness index numbers and the color 
differences in the case of FIGS. 26A and 26B are 
illustrated in FIGS. 27A and 27B. In particular, FIG. 27A 
represents the lightness index numbers and FIG. 27B 
represents the color differences. 

From the color differences of FIG. 27B, it can be 
seen that the pseudo contour index number in the case of 
FIGS. 26A and 26B is approximately 30.1, and where the 
divisional light amounts are not distributed discretely 
and those of the bits of the same bit planes are disposed 
collectively {FIGS. 26A and 26B) , a moving picture pseudo 
contour is very striking as apparently seen from 
comparison with the pseudo contour index number (13.5 as 
described hereinabove with reference to FIG. 25B) in the 
case where the divisional light amounts are distributed 
discretely (FIGS . 22A and 22B) . 

By the way, in the case described above, since, not 
only when the light amounts are divided in the direction 
of time but also when the light amounts are divided in 
the direction of intensity, the light amounts of the bit 



planes in the higher orders than the bit plane B4 are 
divided into light amounts equal to that of the subfield 
of the bit plane B4 , each of the divisional light amounts 
is equal to the light amount of the subfield of the bit 
plane B4 . 

Where the light amounts of the bit planes are 
divided into equal divisional light amounts, the division 
number of the light amounts of a certain bit plane is 
twice the division number of the light amount of the bit 
plane of the lower order by one bit than the certain bit 
plane. In other words, since the weight of a certain bit 
plane is twice the weight of the bit plane of the lower 
order by one bit than the certain bit plane, if the 
divisional light amounts are set equal to each other, 
then the division number of the light amount of the 
certain bit plane is twice the division number of the 
light amount of the bit plane of the lower order by one 
bit than the certain bit plane. 

On the other hand, a moving picture pseudo contour 
is liable to be influenced more by a bit of a bit plane 
of a higher order from the principle of appearance 
thereof, and appearances of a moving picture pseudo 
contour can be reduced basically by dividing the light 
amount of a bit plane of a higher order into a greater 
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number of divisional light amounts and distributing the 
divisional light amounts discretely. However, even where 
the light amount of a bit plane of a higher order is 
divided into a greater number of divisional light amounts, 
if the divisional light amounts are disposed at positions 
spaced from divisional light amounts obtained by dividing 
the light amount of the bit plane of a lower order by one 
bit, then a moving picture pseudo contour appears 
strikingly . 

Accordingly, in order to further reduce moving 
picture pseudo contours, it is necessary to distribute 
the divisional light amounts obtained by dividing the 
light amount of the bit plane of a higher order and the 
divisional light amounts obtained by dividing the light 
amount of the bit plane of a lower order by one bit at 
positions near to each other, preferably at positions 
adjacent each other. However, if the divisional light 
amounts are set equal to each other as described above, 
then since the division number of the light amounts of a 
certain bit plane is twice the division number of the 
light amounts of the bit plane of a lower order by one 
bit than the bit plane of the higher order, the division 
number of the light amount is much different between the 
bit plane of the high order and the bit plane of the 
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lower order by one bit. As a result, it is difficult to 
distribute the divisional light amounts obtained by 
dividing the light amount of the bit plane of the high 
order and the divisional light amounts obtained by 
dividing the light amount of the bit plane of the lower 
order by one bit at positions near to each other. 

Thus, if the light amount is divided so that the 
division number of the light amount of a certain bit 
plane may be less than twice the division number of the 
light amount of the bit plane of a lower order by one bit, 
that is, for example, the difference between the division 
number of the light amount of a certain bit plane and the 
division number of the light amount of the bit plane of a 
lower order by one bit may be 0 or 1, then moving picture 
pseudo contours can be further reduced, 

FIGS. 28A and 28B show a first form of a division 
pattern of light amounts and a distribution pattern 
(light emission pattern) of the divisional light amounts, 
respectively. It is to be noted that FIGS. 28A and 28B 
show the division pattern and the distribution pattern, 
respectively, where the light amounts are divided in the 
direction of time. 

Referring to FIG. 28A, the first to sixth columns 
represent the bit planes of a pixel value to which 8 bits 
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are allocated, the weights to the bit planes, the 
division numbers of the light amounts corresponding to 
the bits of the bit planes, the weights after the 
division, the times of the subfields before the division, 
and the times of the subfields after the division 
similarly to those of the first to sixth columns of 
FIG. 20A, respectively. 

In FIG. 28A, the light amounts of the bit planes B7 
to B2 are divided into four, four, three, three, two and 
two divisional light amounts (although the light amounts 
of the bit planes Bl and BO are not divided, for the 
convenience, their division numbers are represented as 1) , 
respectively. Accordingly, the difference between the 
division numbers of the light amounts of adjacent bits (a 
certain bit and another bit of a higher or lower order by 
one bit) from among the bits of the bit planes B7 to B2 
whose light amounts are divided is either 0 or 1 . 

In this instance, the light emission pattern of a 
pixel within the time of one frame can be, for example, 
from the top of the time of one frame, B7-1, B6-1, B5-1, 
B4-1, B7-2, B6-2, B5-2, B3-1, B2-1, Bl, BO, B2-2, B3-2, 
B4-2, B6-3, B7-3, B4-3, B5-3, B6-4, B7-4 as illustrated 
in FIG. 28B. Thus, the division light amounts obtained by 
dividing the light amount of a bit plane of a high order 



and the division light amounts obtained by division of 
the light amount of another bit plane of a lower order by 
one bit can be distributed near to each other. 

The lightness index numbers and the color 
differences of the evaluation image in the case of 
FIGS. 28A and 28B are illustrated in FIGS. 29A and 29B, 
respectively. In particular, FIG. 29A represents the 
lightness index numbers and FIG. 29B represents the color 
differences . 

From the color differences of FIG. 29B, it can be 
seen that the pseudo contour index number in the case of 
FIG. 28 is approximately 12.2. On the other hand, since 
the pseudo contour index number where the light amounts 
are divided into divisional light amounts of an equal 
value in the direction of time and the divisional light 
amounts are distributed discretely (FIG. 17) is 20.6 as 
described above with reference to FIG. 19B, according to 
the division pattern and the distribution pattern of 
FIG. 28B, moving picture pseudo contours can be further 
reduced. 

FIGS. 30A and 30B show a second form of a division 
pattern of light amounts and a distribution pattern 
(light emission pattern) of the divisional light amounts, 
respectively. It is to be noted that also FIGS. 30A and 



30B show the division pattern and the distribution 
pattern where the light amounts are divided in the 
direction of time. 

Referring to FIG. 30A, the first to sixth columns 
represent the bit planes of a pixel value to which 8 bits 
are allocated, the weights to the bit planes, the 
division numbers of the light amounts corresponding to 
the bits of the bit planes, the weights after the 
division, the times of the subfields before the division, 
and the times of the subfields after the division 
similarly to those of the first to sixth columns of 
FIG. 20A, respectively. 

In FIG. 30A, the light amounts of the bit planes B7 
to Bl are divided into four, three, three, three, two, 
two and two divisional light amounts (although the light 
amount of the bit plane BO is not divided, for the 
convenience, its division number is represented as 1) , 
respectively. Accordingly, the difference between the 
division numbers of the light amounts of adjacent bits (a 
certain bit and another bit of a higher or lower order by 
one bit) from among the bits of the bit planes B7 to Bl 
whose light amounts are divided is either 0 or 1. 

In this instance, the light emission pattern of a 
pixel within the time of one frame can be, for example, 
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from the top of the time of one frame, B7-1, B6-1, B5-1, 
B4-1, B3-1, B2-1, B7-2, B6-2, B4 - 2 , Bl-1, BO, Bl-2, B5-2, 
B7-3, B2-2, B3-2, B4-3, B5-3, B6-3, B7-4 as illustrated 
in FIG. 30B. Thus, the division light amounts obtained by- 
dividing the light amount of a bit plane of a high order 
and the division light amounts obtained by division of 
the light amounts of another bit plane of a lower order 
by one bit can be arranged near to each other. 

The lightness index numbers and the color 
differences of the evaluation image in the case of 
FIGS. 30A and 30B are illustrated in FIGS. 31A and 31B, 
respectively. In particular, FIG. 31A represents the 
lightness index numbers and FIG. 31B represents the color 
differences . 

From the color differences of FIG. 31B, it can be 
seen that the pseudo contour index number in the case of 
FIGS. 30A and 30B is approximately 9.5. On the other hand, 
since the pseudo contour index number where the light 
amounts are divided into visional light amounts of an 
equal value in the direction of time and the divisional 
light amounts are distributed discretely (FIG. 17) is 
20.6 as described above with reference to FIG. 19B, 
according to the division pattern and the distribution 
pattern of FIG. 30B, moving picture pseudo contours can 



be further reduced likewise. 

FIGS. 32A and 32B show a third form of a division 

pattern of light amounts and a distribution pattern 

(light emission pattern) of the divisional light amounts, 

respectively. It is to be noted that FIGS. 32A and 32B 

e 3 

show the division pattern and the distribution pattern, 
respectively, where the light amounts are divided in the 
direction of intensity. 

Referring to FIG. 32A, the first to fourth columns 
represent the bit planes of a pixel value to which 8 bits 
are allocated, the weights to the bit planes, the 
division numbers of the light amounts corresponding to 
the bits of the bit planes, and the weights after the 
division similarly to those of the first to fourth 
columns of FIG. 20A, respectively. 

In FIG. 32A, the light amounts of the bit planes B7 
to B2 are divided into four, four, three, three, two and 
two divisional light amounts (although the light amounts 
of the bit planes Bl and BO are not divided, for the 
convenience, their division numbers are represented as 1) , 
respectively, similarly as in the case of FIG. 28A. 
Accordingly, the difference between the division numbers 
of the light amounts of adjacent bits (a certain bit and 
another bit of a higher or lower order by one bit) from 

57 



among the bits of the bit planes B7 to B2 whose light 
amounts are divided is either 0 or 1. 

In this instance, the light emission pattern of a 
pixel within the time of one frame can be, for example, 
from the top of the time of one frame, B7-1, B6-1, B5-1, 
B4-1, B7-2, B6-2, B5-2, B3-1, B2-1, Bl, BO, B2 - 2 , B3-2, 
B4-2, B6-3, B7-3, B4 - 3 , B5 - 3 , B6-4, B7 - 4 as illustrated 
in FIG. 32B. Thus, the division light amounts obtained by 
dividing the light amount of a bit plane of a high order 
and the division light amounts obtained by division of 
the light amount of another bit plane of a lower order by 
one bit can be arranged near to each other. It is to be 
noted that, although the light emission pattern of 
FIG. 32B is the same as the light emission pattern of 
FIG. 28B, since the times of the subfields are different, 
the light emission timings are different. 

The lightness index numbers and the color 
differences of the evaluation image in the case of 
FIGS. 32A and 32B are illustrated in FIGS. 33A and 33B, 
respectively. In particular, FIG. 33A represents the 
lightness index numbers and FIG. 33B represents the color 
differences . 

From the color differences of FIG. 33B, it can be 
seen that the pseudo contour index number in the case of 
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FIGS. 32A and 32B is approximately 7.4. On the other hand, 
since the pseudo contour index number where the light 
amounts are divided into visional light amounts of an 
equal value in the direction of intensity and the 
divisional light amounts are distributed discretely 
(FIG. 22B) is 13.5 as described above with reference to 
FIG. 25B, according to the division pattern and the 
distribution pattern of FIG. 32B, moving picture pseudo 
contours can be further reduced. 

FIGS. 34A and 34B show a fourth form of a division 
pattern of light amounts and a distribution pattern 
(light emission pattern) of the divisional light amounts, 
respectively. It is to be noted that also FIGS. 34A and 
34B shows the division pattern and the distribution 
pattern, respectively, where the light amounts are 
divided in the direction of intensity. 

Referring to FIG. 34A, the first to fourth columns 
represent the bit planes of a pixel value to which 8 bits 
are allocated, the weights to the bit planes, the 
division numbers of the light amounts corresponding to 
the bits of the bit planes, and the weights after the 
division similarly to those of the first to fourth 
columns of FIG. 20A, respectively. 

In FIG. 34A, the light amounts of the bit planes B7 
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to Bl are divided into four, three, three, three, two, 
two and two divisional light amounts (although the light 
amount of the bit plane BO is not divided, for the 
convenience, its division number is represented as 1) , 
respectively, similarly as in the case of FIG. 30A. 
Accordingly, the difference between the division numbers 
of the light amounts of adjacent bits (a certain bit and 
another bit of a higher or lower order by one bit) from 
among the bits of the bit planes B7 to Bl whose light 
amounts are divided is either 0 or 1 . 

In this instance, the light emission pattern of a 
pixel within the time of one frame can be, for example, 
from the top of the time of one frame, B7-1, B6-1, B5-1, 
B4-1, B3-1, B2-1, B7-2, B6-2, B4-2, Bl - 1 , BO, Bl-2, B5-2, 
B7-3, B2-2, B3-2, B4 - 3 , B5-3, B6-3, B7-4 as illustrated 
in FIG . 34B. Thus, the division light amounts obtained by 
dividing the light amount of a bit plane of a high order 
and the division light amounts obtained by division of 
the light amounts of another bit plane of a lower order 
by one bit can be arranged near to each other. It is to 
be noted that, although the light emission pattern of 
FIG. 34 is the same as the light emission pattern of 
FIG. 30B, since the times of the subfields are different, 
the light emission timings are different. 
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The lightness index numbers and the color 
differences of the evaluation image in the case of 
FIGS. 34A and 34B are illustrated in FIGS. 35A and 35B. 
In particular, FIG. 35A represents the lightness index 
numbers and FIG. 35B represents the color differences. 

From the color differences of FIG. 35B, it can be 
seen that the pseudo contour index number in the case of 
FIGS. 34A and 34B is approximately 9.0. On the other hand, 
since the pseudo contour index number where the light 
amounts are divided into visional light amounts of an 
equal value in the direction of intensity and the 
divisional light amounts are distributed discretely 
(FIGS. 22A and 22B) is 13.5 as described above with 
reference to FIG. 25B, according to the division pattern 
and the distribution pattern of FIG. 34B, moving picture 
pseudo contours can be further reduced. 

From the foregoing, where both of a light amount 
(hereinafter referred to suitably as higher order light 
amount) corresponding to a bit plane of a higher order 
and a light amount (hereinafter referred to as lower 
order light amount) corresponding to a bit plane of a 
lower order by one bit are divided, the signal production 
circuit 35 divides the higher order light amount and the 
lower order light amount so that the division number of 
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the upper order light amount may be smaller than the 
division number of the lower order light amount and 
produces a drive signal for driving the display section 
36 so that light of the divisional light amounts obtained 
as a result of the division may be emitted discretely 
within the time of one frame. Consequently, occurrences 
of a moving picture pseudo counter in digital gradation 
display can be reduced (suppressed) simply. As a result, 
it is possible to provide moving pictures of a high 
picture quality. 

Further, where the higher order light amount and 
the lower order light amount are divided so that the 
division number of the higher order light amount may be 
smaller than the division number of the lower order light 
amount, increase of the total division number can be 
suppressed, and accordingly, pixels need not be switched 
on/off at a very high speed. In particular, in the forms 
of FIGS. 28A, 28B and 30A, 30B described hereinabove, the 
division number of the light amount of, for example, the 
bit plane B7 of the highest order is four, and the 
subfield time of each divisional light amount is 2,080 
microseconds which is approximately 1/8 the time (16.67 
milliseconds) of one frame, and therefore, the pixels 
need not be switched on/off at a very high speed. 



Accordingly, a comparatively less expensive device can be 
used for the display section 36. 

Further, while, in the present embodiment, the 
subfield of a divisional light amount obtained by 
dividing a light amount is a short time when compared 
with the original subfield, since the sum total of the 
times of the subfields in one frame is equal to that 
where the light amount is not divided, the light 
utilization efficiency is not deteriorated. 

It is to be noted that, while, in the forms of 
FIGS. 28B, 30B, 32B and 34B, the divisional light amounts 
are arranged so as to be symmetrical over the time of one 
frame, this is because it is intended to allow moving 
picture pseudo contours to be reduced to a similar degree 
irrespective of whether an image moves from the left to 
the right or moves conversely from the right to the left. 
Here, even where the higher order light amount and the 
lower order light amount are divided so that the division 
number of the higher order light amount may be smaller 
than twice the division number of the lower order light 
amount, since basically the division number of the light 
amount of the bit plane of the highest order is greatest, 
the divisional light amounts can be arranged so as to be 
symmetrical over the time of one frame by arranging a 
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division light amount obtained by dividing the light 
amount of the bit plane of the highest order at the first 
and the last of the time of one frame. 

It is to be noted that, where the display section 
36 is formed from a liquid crystal panel, a liquid 
crystal panel which uses liquid crystal other than FLC 
can be adopted as the liquid crystal panel. 

Further, the display section 36 can be formed from, 
for example, a CRT of the rear type, an EL (Electro 
Luminescence) of an image display panel of the self - 
illumination type, an LED array display panel on which 
LEDs corresponding to pixels are arrayed, an image 
display panel of the reflection type which does not use 
polarized light and a light source for irradiating upon 
the image display panel, an on -off type image display 
panel or the like . 

Furthermore, the division numbers of the light 
amounts, the light emission pattern of light of the 
divisional light amounts (the distribution pattern such 
as the distribution order and the distribution distance 
of the divisional light amounts) is not limited to those 
described above with reference to FIGS. 28B, 30B, 32B and 
34B. 

Further, while, in the present embodiment, digital 
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gradation display is performed by the plane sequential 
rewriting system, it is possible to perform the digital 
gradation display by some other system such as a line 
sequential rewriting system or a point sequential 
rewriting system. 

Furthermore, while, in the present embodiment, when 
the light amounts are divided in the direction of time, a 
blank time of 92 microseconds is provided, and the blank 
time is arranged at the last of the time of one frame. 
However, the blank time can be arranged at any other 
position. Also the blank time can be set to any other 
time than 92 microseconds. 

Furthermore, in the present embodiment, when the 
light amounts are divided in the direction of time, the 
time of the subfield of the bit plane BO is 65 
microseconds and the shortest. However, a value other 
than 65 microseconds may be adopted as the minimum value 
of the time of a subfield. 

While preferred embodiments of the present 
invention have been described using specific terms, such 
description is for illustrative purposes only, and it is 
to be understood that changes and variations may be made 
without departing from the spirit or scope of the 
following claims . 
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